Abstract Iatrogenic injuries of the median nerve after surgical release for carpal tunnel syndrome resulting in the formation of a neuroma are rare. We present here the case of two patients, one with a bifid median nerve, showing incontinuity neuroma after surgical release for carpal tunnel syndrome. The patients reported persistent post-operative pain and showing symptoms. In both cases, ultrasound showed an in-continuity neuroma with a hypoechoic and enlarged median nerve at the carpal tunnel. The case report shows that ultrasound may be helpful in confirming the clinical diagnosis of neuroma and it is useful for evaluation of the percentage of the area affected by the tear.
Introduction
Carpal tunnel syndrome is related to compression of the median nerve in the wrist. Its clinical manifestations include pain involving the thumb, the index finger, the middle finger, and the radial side of the ring finger, which worsens with prolonged activity [1] .
Both surgical and conservative interventions are utilised for carpal tunnel syndrome, and both treatments have benefits [2] . Patients undergoing surgical release are two times more likely to have normal nerve conduction studies, but may also have complications and side effects. Complications and failures of surgical treatment are reported to occur in 3-25 % of cases. Epineural fibrous fixation and traction neuropathy of the median nerve are the most common complications, beside haematoma, infection, skin necrosis, and intraoperative iatrogenic injuries of the median nerve [3] .
The immediate onset of new symptoms after surgery, compared with those that develop weeks or months later, is suggestive of an iatrogenic injury of the median nerve.
After a nerve sustains a partial or complete injury, it possesses an intrinsic reparative capacity. The ensuing proliferation of disorganised axons, myofibroblasts, endothelial cells, and Schwann cells can result in the formation of a neuroma. Neuromas could be classified into terminal and in-continuity neuromas; in-continuity neuromas are observed when the nerve stumps are both connected [4] [5] [6] .
We present here the case of two patients, one of whom had a bifid median nerve [7] , with in-continuity neuroma after surgical release for carpal tunnel syndrome.
Case report 1
A 42-year-old operating room nurse, who 6 months previously underwent open surgery for right carpal tunnel syndrome, came to our attention complaining of burning pain in the right thumb, index, and middle finger, with immediate onset after surgery. She also presented local pain at the site of surgery. An ultrasound scan was performed showing an in-continuity neuroma of the median nerve with a hypoechoic and enlarged median nerve ( Fig. 1 ). Placing and pressing the transducer on the neuroma caused local pain and paraesthesia. Therefore, the patient was referred for surgery; neuroma was excised without any additional procedure with satisfactory results.
Case report 2
A 45-year-old male physician with carpal tunnel syndrome underwent open carpal tunnel release surgery. Four months later, the patient was referred to our service for numbness and burning pain at the index and middle finger of the same hand and local pain at the site of surgery, particularly when compressed or impacted. He underwent an ultrasound scan showing a bifid median nerve with an in-continuity neuroma, with a hypoechoic and enlarged ulnar branch of the median nerve (Fig. 2) . The patient refused surgery and his pain was managed with anti-inflammatory drugs, yielding satisfactory results.
Discussion
A nerve lesion, either partial or complete, may result in the formation of a neuroma with disorganised proliferation of axons, myofibroblasts, endothelial cells, and Schwann cells, due to an intrinsic reparative capacity of the nerve [4] [5] [6] .
Diagnosis of neuroma, after surgical release for carpal tunnel syndrome, is based on history and clinical exam: there is history of surgery and the patient refers severe burning pain and the pain can be elicited with pressure on the wound. An important first step is to recognise whether the symptoms are persistent, recurrent, or new. When patients report persistent post-operative pain and increasing symptoms, particularly dysesthesias, and demonstrate thenar dysfunction, median nerve iatrogenic injury should be considered. Common iatrogenic injuries include the palmar cutaneous branch of the median nerve, while injury of the median nerve in the carpal tunnel is unusual [3] .
Neuromas can be divided into terminal neuroma and incontinuity neuroma. The terminal neuroma (or amputation neuroma) is most frequently localised at the proximal stump of the nerve and appears as a hypoechoic mass. The in-continuity neuroma is characterised by a formation that is similar to terminal neuroma, which connects the two nerve stumps with variable saving of nervous tissue [4] .
Neuromas of the palmar cutaneous branch, after surgical release due to carpal tunnel syndrome, are usually terminal neuroma, whereas those of the median nerve are seen in carpal tunnel in-continuity neuroma. In both cases, these are more frequent in patients with anatomical variants, Fig. 1 In-continuity neuroma of the median nerve at the carpal tunnel. Axial sonogram, obtained at the carpal tunnel over the injured portion of the nerve, shows a normal appearance of the posterior fascicles (arrows) and a hypoechoic post-traumatic neuroma (N) affecting the anterior part of the nerve Fig. 2 In-continuity neuroma of the median nerve at the carpal tunnel in a patient with a bifid median nerve. Axial sonogram, obtained at the carpal tunnel, shows a bifid median nerve with normal appearance of the radial part of the nerve and a neuroma (N) affecting the ulnar part of the nerve with a normal appearance of the posterior fascicles (arrows) bifid median nerve, or palmar cutaneous nerve arising on the ulnar side of the median nerve.
Numerous operative and non-operative therapeutic techniques have been described with varying degrees of efficacy. Medical treatment, antidepressants, oral analgesics, anticonvulsants, and opioids may have some efficacy in the management of neuropathic pain of neuromas; ultrasound guidance can be used to inject neuromas, but neuroma excision is one of the earliest and most useful methods practiced. The chosen method of treatment depends on the location and type of nerve as well as the injury sustained.
Ultrasound may be helpful in confirming the clinical suspicion; moreover, it can help to exclude other conditions [8, 9] . Some patients with severe nerve compression could present with increasing pain from nerve reperfusion, although this is uncommon and enables the amount of healthy tissue in the neuroma to be determined; identification of the percentage of the area affected by the tear is useful for therapy selection.
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